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Cellular and plasma fibronectin dimers are constituted by similar but not identical polypeptides. Their dif- 
ferences are the consequence of internal primary sequence variability due to alternative splicing in at least 
2 regions (ED and IIICS) of the pre mRNAs [l-8]. A detailed analysis of human liver tibronectin mRNA 
in these regions was carried out by isolating cDNA clones and determining their nucleotide sequence. A 
novel type of IIICS segment (coding for 64 amino acids) was present in the two cDNA clones studied and, 
as expected from previous Sl mapping studies [6], the ED segment was absent in both. 
Human fibronectin Alternative splicing Liver cDNA 
1. INTRODUCTION tide and cDNA sequencing [2-71. 
The adherence of cells to the basal lamina or to 
collagen fibres depends on specific proteins such as 
fibronectin, laminin and chondronectin, the best 
known of which is fibronectin [ 11. Fibronectin also 
plays a role in cell migration, cytoskeletal 
organization and possibly in malignant transfor- 
mation. Fibronectin is a dimer of two polypep- 
tides, each chain having an M, of 220~. It is pro- 
duced and secreted by a variety of cell types in- 
cluding fibroblasts, hepatocytes and endothelial 
cells. In the structure of fibronectin, there are do- 
mains that specifically bind to cells, collagen 
fibres, fibrin, DNA and heparin. These sequences 
may account for fibronectin’s role in promoting 
adhesion of cells to extracellular materials. 
We have previously shown by cDNA cloning 
and Sl n&ease mapping that in human breast car- 
cinoma cells (Hs578T) there are at least two dif- 
ferent fibronectin mRNAs differing by the 
presence of a 270 bp insert (extra domain (ED) 
region) [8]. Sequencing of fibronectin cDNA from 
rat liver has also shown that there are 3 types of 
fibronectin mRNAs with different lengths at a 
region closer to the 3’-end (IIICS) [?I- We wish to 
report here the isolation of two cDNA clones for 
fibronectin from a human liver cDNA library, 
which covered 65% of the predicted total length of 
fibronectin cDNA. Restriction mapping and se- 
quencing analysis of these clones have shown that 
in human liver cells a new type of IIICS segment 
is present. 
The primary structure of bovine, human and rat 
fibronectin has been partially determined by pep- 2. MATERIALS AND METHODS 
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2.1. waterways 
Abbreviations: bp, base pairs; IIICS, type III connecting 
segment; ED, extra domain; kb, kilobases 
The human liver cDNA library was a generous 
gift from Miss K. Tertia Belt, Department of 
Biochemistry, University of Oxford [9]. The 
plasmids pFH1, pFHll1 and pFHl54 containing 
fibronectin cDNA insert have been described [5,8]. 
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2.2. cDNA cloning 
The pFHll1 insert was used as a probe, and was 
prepared by cutting the whole plasmid by BamHI 
and HindIII. A mixture of two fragments was ob- 
tained because there is a BamHI site in the middle 
of the insert. It was labelled by nick translation. 
Approx. 20000 library colonies (Stimes amplified) 
were grown on agar containing 50,ug/ml of am- 
picillin in 10 15cm plates. They were transferred 
to Whatman 541 paper [lo] and hybridized with 
the probe. Positive colonies were rescreened and 
two independent clones, pFHL1 and pFHL8, were 
obtained. 
2.3. DNA sequencing 
pFHl1 and pFHL8 were cut and labelled at the 
BamHI and Hind111 sites, and sequenced by the 
chemical modification method [I 11. The BgfII- 
Hind111 fragment of pFHL1 was sequenced by the 
chain termination method [ 121 after fragmentation 
with AM. 
2.4. Restriction mapping 
pFHL1, pFHL8, pFH1, pFH111 and pFH154 
were labelled at the BgfII sites and recut with AccI, 
BarnHI, EcoRI, H&I, MspI, PvuII, Sac1 and 
Sau961. pFHL1, pFHL8, pFH1 and pFH154 were 
labelled at the EcoRI site and recut with BamHI, 
BglII, HaeII, A4sp1, PvuII and SacI. pFHL8 and 
pFH1 were labelled at the Hind111 site and recut 
with BglII and StuI. 
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Fig.1. Restriction mapping of the inserts of human 
fibronectin cDNA clones. pFH1, pFHll1 and pFH154 
are cDNA clones derived from Hs578T cell RNA, and 
pFHL1 and pFHL8 are clones derived from liver RNA. 
The wavy lines in the liver clones indicate the vector 
sequence. pFHL8 contains a 1.2 kb inverted sequence at 
the 5 ‘-region. 
3. RESULTS 
Fig.1 shows the organization and restriction 
mapping of pFHL1 and pFHL8. pFHL1 was 
3900 bp long and started 250 bp upstream from 
the 5 ‘-end of pFH154 and extended to 900 bp 
before the poly(A) tail. pFHL8 was 2600 bp long 
extending from the poly(A) tail to the middle of 
pFH 154. Comparing the restriction map of pFHL1 
with those of pFHl11 and pFH154 down to the 
first &$I1 site, pFHL1 was equivalent to pFH154 
rather than pFHll1, indicating that pFHL1 had 
no 270 bp extra sequence. 
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Fig.2. Partial nucleotide sequence and predicted amino acid sequence of human fibronectin. (A) Nucleotide sequence 
of pFH1. The sequence in the dotted box containing Sau961 and BgZII sites is not present in pFHL1. (B) Nucleotide 
and predicted amino acid sequence of pFHL1. Arrow indicates the position of the dotted box in pFH1. 
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Although there are two BglII sites in pFH1, only 
one Bg/II site has been found in either pFHL1 or 
pFHL8. The Bg/II site closer to the 3 ’ -end in pFH 1 
was not present in pFHL1 and pFHL8. Digestion 
by Sau961 of the BgflI-Hind111 fragment of 
pFHL1 indicated that one Sau961 site was also 
missing in pFHL1. Further restriction mapping in- 
dicated that the liver clones were 70-80 bp shorter 
than pFH1 around the second BgfII sites. For ex- 
ample, the MspI-EcoRI distance (867 bp) in 
pFHL 1 or pFHL8 was shorter than that in pFH 1, 
and the SacI-EcoRI distance in the liver clones was 
also shorter than that in pFH1 (1087 bp). Because 
pFHL8 and pFH1 were the same in distance be- 
tween StuI and Hind111 (1320 bp), the differential 
area was defined as between the MspI and StuI 
sites in pFH1. This restriction enzyme site analysis 
indicated that the 270 bp ED fragment is absent 
from pFHL1 and, in the IIICS region (3’ from the 
ED), both pFHL1 and pFHL8 lack a 75 bp frag- 
ment that was present in the cDNA clone (pFH1) 
isolated from Hs578T cells [5]. This was confirmed 
by DNA sequencing of the relevant regions of the 
cDNA clones. 
Differences in the nucleotide sequence between 
pFHL1 and pFH1 are shown in fig.2. pFHL1 does 
not contain the 75 bp nucleotides where the 
Sau961 and BglII sites are located, consequently, 
the corresponding polypeptide chain will 
amino acids shorter. 
be 25 
4. DISCUSSION 
The total length of fibronectin mRNA is ex- 
pected to be 7600-7900 bp [5], therefore pFHL1 
and pFHL8 will cover about 65% of the total 
length from the 3’-end. 
The 270 bp extra domain located upstream to 
the first BglII site corresponds to a type III internal 
homology unit [2,8]. It has been suggested that 
there is only one gene for fibronectin [5], and 
polymorphism of mRNA in this region is due to 
alternative RNA splicing within the coding region 
[ 131. pFHL 1 did not contain the extra domain se- 
quence, which is in agreement with our previous Sl 
mapping studies [6,8]. 
Schwarzbauer et al. [7] reported another 
polymorphism of fibronectin mRNA in rat liver at 
the IIICS region. They isolated 3 different cDNA 
clones, hrlf2, Arlf4 and Arlf6. These multiple 
Fig.3. Variation of the fibronectin primary structure. 
(A) Total structure and internal sequence homologies of 
fibronectin. Dark bar, type I homology; shadowed bar, 
type II homology; white bar, type III homology. (B) 
Variation at the ED region. (C) Variation at the IIICS 
region. References are [7] and [6] for the rat liver clones 
and the human Hs578T cell clones, respectively. 
mRNAs are also considered to be due to alter- 
native splicing [ 141. The structure of Hs578T cell 
cDNA (pFH1) for fibronectin at this region is dif- 
ferent from any of the 3 rat clones. Moreover, 
both pFHL1 and pFHL8 introduced a fifth struc- 
ture of cDNA at this IIICS region. The fifth struc- 
ture is considered to be a combination of the Arlf4 
and pFH1 structure as shown in fig.3; it should, 
therefore, also arise by alternative splicing within 
the coding region. 
At present, there are 3 known coding sequences 
which can be spliced out in fibronectin cDNA. 
Quite similar acceptor sequences have been found 
in these regions: TCCACAG for ED (human) and 
IIICS (human and rat) and TCTACAG for 
another in IIICS (rat). These homologies may 
represent a special type of acceptor sequence which 
provides flexibility to the splicing mechanism 
favouring alternative donor-acceptor interactions. 
Since the number of clones that can be isolated 
from a given cDNA library is always limited, it is 
difficult to predict the total number of mRNA for 
fibronectin, although Sl mapping studies may give 
a more precise picture. At present here have been 
described two variations at the extra domain 
region and 5 at the IIICS region. Therefore, if we 
assume that all the permutations are possible, at 
least 10 different mRNAs for fibronectins may 
arise by alternative splicing of a common 
precursor. 
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